Abstract. In this paper, we propose an approach where feed-forward neural network is used for dynamically calculating a competitive price of a product in order to maximize sellers' revenue. In the approach we considered that along with product price other attributes such as product quality, delivery time, after sales service and seller's reputation contribute in consumers purchase decision. We showed that once the sellers, by using their limited prior knowledge, set an initial price of a product our model adjusts the price automatically with the help of neural network so that sellers' revenue is maximized.
Introduction
There exist intelligent agents which enable online sellers to dynamically calculate a competitive price for a product. Among them, some intelligent agents assume that sellers are provided with complete knowledge of market parameters, while some other agents consider product price as the only attribute that determines consumers' purchase decision [1] . In recent decades extensive research has been done in dynamic pricing. Some of the research made an assumption that there is only one seller in the market [8] . However, in real life sellers have limited or no prior knowledge about the market parameters (e.g., buyer's reservation price, competitive sellers' price and profit etc). In addition, in reality there exist several competitive sellers in online market. Moreover, micro-economic literature and online consumer surveys suggest that a consumer's purchase decision is determined by multiple product attributes including price, delivery time, seller reputation, product quality and after-sale service [2] . In this paper we attempt to address the problem of dynamic pricing in a competitive online economy, where a buyer's purchase decision is determined by multiple attributes. In our model we consider five attributes. They are product price, product quality, delivery time, after-sale service, and sellers' reputation. However, our model is general enough to work for any number of attributes. We use feed-forward neural network to determine an optimal price for the products in order to maximize sellers' revenue. In our simulation we showed that once the sellers set an initial price of the product, our model adjusts the price of the product automatically with the help of neural network in order to maximize profits. In setting the initial price of a product, we assume that sellers use their prior knowledge about the prices of the product offered by other competing sellers.
The remaining of the paper is organized as follows: Section 2 provides background information on feed-forward neural network. Section 3 presents our proposed approach for dynamic pricing. Section 4 represents results and analysis from our simulation. Section 5 discusses related work. Section 6 concludes the paper with future research directions.
Feed-Forward Neural Network
In feed-forward network each unit in a specific layer receives input only from the units in the immediately preceding layer. Each unit u i has an activation value a i which acts as output of the unit.
( 1) where i−1 j=0 W j,i a j is the weighted sum of the inputs to unit u i and f is the activation function applied to the weighted sum. In our model we have chosen logistic sigmoid function as the activation function.
We used a bias unit which is connected to unit u 0 of the input layer. We set the production cost of the product as the output of the bias unit. In addition, we set the numerical weight of the links associated with the bias unit to 1. With the help of the additional bias unit we can ensure that our network will never provide the price of a product below its production cost.
Dynamic Pricing Using Neural Network
In our model we are considering five attributes which contribute in buyers' purchase decisions. We are assigning the price of a product where buyers preferred attributes are product price, product quality, delivery time, after sale service, and sellers' reputation to u 1 , u 2 , u 3 , u 4 and u 5 respectively (Fig. 1) . The input layer also consists of one extra unit u 0 as the bias unit. We set the value of a 0 to the production cost of the product. Initially, all the values a 1 , a 2 , a 3 , a 4 and a 5 of the input units are set by the sellers. In setting the initial price of a product, we assume that sellers use their prior knowledge about the prices of the product offered by other competing sellers. Our simulation showed better performance for three hidden units. Hence, in our model we used three units in the hidden layer. The price of the product determined by the network (Fig. 1) can be found by using final output a 9 . The value of a 9 can be calculated with the aid of equation ( 1) as follows:
F inaloutput, a 9 = f (W 6,9 a 6 + W 7,9 a 7 + W 8,9 a 8 ) .
(2)
